Representative strains of coagulase-positive and coagulase-negative staphylococci were degraded by acid methanolysis and the resultant fatty acid methyl esters analysed by gas chromatography. The quantitative data obtained were examined by cluster analysis. The coagulase-positive strains formed six major and one single-member cluster at the 90% S-level. The Staphylococcus intermedius aggregate cluster included the single-member cluster and major clusters 1 and 2. The four remaining clusters contained S . aureus strains and were homogeneous and distinct. The coagulase-negative strains were recovered in ten major and three singlemember clusters at the 90% S-level. Five of the ten major clusters were reasonably homogeneous with respect to the existing classification. Thus, three S . capitis strains and five of the six S . epidermidis strains, two of the three S . hominis strains and five of the six S . simulans strains were recovered in separate clusters. Cluster 7 was divided into two subclusters; one contained five of the six S. hyicus strains and the other contained the two representatives of S. lentus. The remaining clusters were heterogeneous with regard to the named strains they contained.
INTRODUCTION
The genus Staphylococcus forms a distinct taxon (Kloos, 1980; Goodfellow, 1985) that encompasses strains which show extensive genetic diversity due to random mutation . The genus has undergone marked revision since the last edition of Bergey's Manual of' Determinative Bacteriology (Baird-Parker, 1974) and 20 species are now recognized primarily on the basis of chemical, biochemical, molecular, genetical, physiological and numerical phenetic data (Kloos, 1980; Kloos & Schleifer, 1981; Goodfellow, 1985) . A number of tests and procedures have been recommended for the identification of staphylococcal species (Kloos & Schleifer, 1975; Kloos & Wolfshohl, 1982; Brunet al., 1978; Feltham & Sneath, 1982; Doern et al., 1983) , but improved diagnostic methods are needed for the recognition of both species and biotypes.
Lipid analyses are being increasingly applied in bacterial systematics (see Good fellow & Minnikin, 1985) and have already provided some data of value for the classification and identification of staphylococci. Thus, staphylococci all have similar polar lipid patterns that can be used to separate them from other aerobic, Gram-positive cocci, and there is evidence that the variation in menaquinone profiles may be of value in the subgeneric classifications of these organisms (Nahaie et al., 1984) . Some initial fatty acid analyses were mainly designed to distinguish staphylococci from micrococci (Ishizuka et al., 1966; Tornabene et al., 1970; Morrison et al., 1971; Jantzen et al., 1974) but these, together with other preliminary studies (Macfarlane, 1962; RCdai et al., 1967; White & Frerman, 1968 ; Egge et al., 1971 ; Komaratat & Kates, 1975; Kushwaha & Kates, 1976) , showed that the fatty acids of S. aureus and S. 300 ml TSB in a 1 litre flask. This gave about lo* c.f.u. per 50 ml. Inoculated flasks were then shaken in an orbital incubator (150 r.p.m.) at 35 "C for 24 h. The cultures were checked for purity, killed by the addition of 1 ml formalin (40%, vlv), harvested by centrifugation at 3000g for 20 min, washed twice with 67 mM-Sorenson buffer at pH 7.0 and freeze-dried. The S . aureus and S. intermedius strains were grown on sheep blood agar (5%, v/v) at 37 "C for 24 h followed by 2 d at ambient temperature. Harvested biomass was washed twice with normal saline and freeze-dried.
Extraction and analysis of'fbtty acids. Dried biomass (50 mg) was degraded using the whole-organism acid methanolysis procedure of Minnikin et al. (1980) . Analytical and preparative thin-layer chromatography (TLC) was done as previously described (O'Donnell et al., 1982) . Gas chromatography (GC) of the purified fatty acid methyl esters was done using a polar 6 m Silar 1OC column run isothermally at 195 "C, and representative samples were also analysed at 230 "C on a non-polar 6 m OV-1 column (O'Donnell et al., 1982) . Retention times and peak areas were recorded automatically with a Shimadzu CE 1 B computing integrator. The identity of individual esters was established by comparison with the retention times of standard mixtures and by their behaviour on both OV-1 and Silar 1OC columns.
Numerical analysis ojjurry acid data. To remove the effects of sample size, all data were standardized before numerical analysis. For each chromatogram, the Shimadzu CElB computing integrator divided each peak area by the total peak area and multiplied by 100 (Tables 2 and 3) . To make data input easier, standardized values were multiplied by 10. Data were analysed by the cluster analysis routine (Sneath & Sokal, 1973) from the GENSTAT (Alvey et al., 1977) statistical package. Similarities were calculated by the generalized similarity coefficient of Gower (1971) and clustered by the complete linkage (furthest neighbour) algorithm. Since different media were used to obtain the biomass the data on the coagulase-positive (Table 2) and coagulase-negative strains (Table 3) were analysed separately.
RESULTS
TLC of whole-organism methanolysates of the test strains showed the presence of predominant spots (RF 0.8) corresponding to non-hydroxylated fatty acid methyl esters (Minnikin et al., 1980) . The results of the GC analyses of the non-hydroxylated long chain components are shown in Tables 2 and 3. All of the test strains produced iso, anteiso and straight chain fatty acids; unsaturated fatty acids being absent in all cases. Values recorded as trace amounts were scored as zero for the numerical analysis. Since S . aureus 103 (Table 2) was grown on the same medium as the coagulase-negative strains, it was excluded from the quantitative studies.
The results of the quantitative analyses of the fatty acid data from the coagulase-positive strains ( Table 2) is shown in Fig. 1 . It can be seen that the S. aureus and S . intermedius strains formed two aggregate clusters defined at the 73% similarity (S) level. The sharp segregation of these two species at the 51% S-level was not surprising as the constituent strains showed substantial quantitative variations in fatty acid profiles, especially in the relative amounts of 13-methyltetradecanoic acid (iso-15), 12-methyltetradecanoic acid (anteiso-19, 14-methylhexadecanoic acid (iso-17) and octadecanoic acid (18 : 0).
The coagulase-positive strains fell into six major and one single-member cluster, S.
intermedius 133, defined at the 90 % S-level. The S. intermedius aggregate cluster encompassed the single-member cluster and major clusters 1 and 2. The four remaining clusters, all of which contained S . aureus strains, were also homogeneous and distinct. It was also interesting that all the S . intermedius isolates from horses fell into cluster 1, and those from mink and pigeons into cluster 3. Similarly, all the S . aureus strains from cattle and swine fell into cluster 4.
In the corresponding analysis, the coagulase-negative strains were recovered in ten major and three single-member clusters at the 90% S-level (Fig. 2) . The three S . capitis strains fell into cluster 1, five of the six strains labelled S. epidermidis (Goodfellow etal., 1983) into cluster 5, two of the three S . hominis strains into cluster 6, and five of the six S. simulans strains into the homogeneous and well-defined cluster 10. However, the type strain of S . simulans formed a single-member cluster attached to cluster 10, and the remaining S. epidermidis, S. cohnii and S . hominis strains were recovered in clusters 1,2 and 3, respectively. Cluster 7 was divided into two subclusters; one contained five of the six S. hyicus strains and the other contained the two representatives of S. lentus. The type strain of S. sciuri formed a single-member cluster attached to cluster 7. Similarly, the type strains of S . hyicus subsp. chrornogenes fused with cluster 7, albeit at a much lower level of similarity than the S. sciuri strain. In contrast, clusters 2, 3,4, 8 and 9 were markedly heterogeneous with respect to the named strains they contained.
DISCUSSION
The detection of straight chain and methyl branched is0 and anteiso fatty acids of between 12 and 22 carbons in all of the test strains is in good agreement with the results of previous studies based on various growth media and conditions (Macfarlane, 1962; Ishizuka et al., 1966 9-5 0-9 9-4 1.8 10.0 0-9 11-2 1.7 11-3 1. 3 * According to Miwa et al. (1960) . Examples of abbreviations: 14 : O for straight chain tetradecanoic acid; i-15 for the isoacid 13-methyltetradecanoic acid; ai-15 for the anteiso-acid 12-methyltetradecanoic acid. $
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Proportions are expressed as the percentage of the total fatty acid methyl esters. 7 For examples of the abbreviations see Table   2 .
$ Type strain.
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JI %rains from cluster 11B (Goodfellow et al., 1983) . et al., 1981) . The results of the present study are, however, at variance with the observation (Durham & Kloos, 1978) that a straight chain CZ2 component was diagnostic for strains of S.
warneri. Indeed, the present data and those of Sincoweay et al. (1981) show that this component is not restricted to S . warneri; it is also present in S . cohnii, S. epidermidis, S . haemolyticus, S .  hominis, S . saprophyticus, S . simulans and S . hyicus subsp. hyicus. Given the qualitative differences in the fatty acid composition of the S. aureus and S . intermedius strains, it was not surprising that the representatives of the two species were sharply separated in the numerical analysis of the fatty acid data. Both the S. aureus and S . intermedius strains exhibited high mean intraspecific similarities but an interspecific value of only 5 1 %.
These fatty acid data provide yet further evidence for assigning coagulase-positive staphylococci to the two currently recognized species. The integrity of S . aureus and S. intermedius is also supported by biochemical data (Schleifer et al., 1976) , DNA homology data (Meyer & Schleifer, 1978) and numerical phenetic data (Hijek & Schindler, 1981 ; Goodfellow et al., 1983) , and by wall composition (Schleifer & Kandler, 1972; Hijek, 1976; Schleifer et al., 1976) and isoprenoid quinone composition (Nahaie et al., 1984) . Although requiring more detailed study, the fact that some coagulase-positive strains clustered into host-specific varieties suggests that for some taxa a numerical analysis of fatty acid data may provide useful epidemiological or ecological information. Host-specific varieties of S . aureus have previously been recognized in numerical phenetic analyses of physiological criteria (Szulga et al., 1976) . The quantitative differences found between the fatty acid components of the present and earlier taxonomic studies on S . aureus (Durham & Kloos, 1978; Sincoweay et al., 1981) may be attributed to differences in cultivation conditions (Viczi et al., 1967; Rtdai et al., 1969 Rtdai et al., , 1971 Rtdai et al., , 1972 .
The overall similarities in the fatty acid profiles of the coagulase-negative strains made it necessary to use an objective quantitative analysis to evaluate the data. Even so, only four of the ten major clusters defined at the 90% S-level could be equated with the phena obtained in the numerical phenetic survey of Goodfellow et al. (1983) . Cluster 1 corresponded to S. capitis, cluster 5 to a phenon containing strains labelled S . epidermidis, cluster 6 to S . hominis and cluster 10 to S. simulans. In addition, clusters 7A and 7B were equated with S . hyicus and S . lentus, respectively. The recovery of S. sciuri as a single-member cluster separate from S. lentus supports the view that these taxa merit species status (Schleifer et al., 1983) . However, the marked lack of congruence between the fatty acid and numerical phenetic data with respect to clusters 2,3,4,8 and 9 requires explanation, especially since relatively good congruence has been found between the numerical phenetic classification (Goodfellow et al., 1983) and results from studies on DNA homology (Gladek et al., 1985) and wall composition (Schumacher-Perdreau et al., 1983) .
Sincoweay et al. (1981) also obtained heterogeneous taxa when the quantitative fatty acid profiles of 61 coagulase-negative staphylococci from bovine milk and 19 reference strains of established staphylococcal species were analysed numerically. The first of two aggregate groups contained strains of S . hyicus and S . lentus and the second S . cohnii, S . epidermidis, S . haemolyticus, S . hominis, S . saprophyticus and S . warneri. Each of the two aggregate taxa also contained strains of S . capitis, S . simulans and S. xylosus. Given that the identity of the test strains is correct, the lack of congruence between the results of Sincoweay et al. (1981) and those of the present study may be due to the selection of strains from the periphery of clusters (see later discussion) or in the numerical methods used. The latter has been shown to have a pronounced effect on cluster analysis of fatty acid data (B0e & Gjerde, 1980). It is possible that the lack of congruence between the numerical phenetic and fatty acid data is because the variation in fatty acid composition amongst coagulase-negative staphylococci is not high enough to be useful as a species determinant. A similar conclusion was reached by Jantzen et al. (1974) with respect to staphylococci. Alternatively, it is possible that the phenetic classification of coagulase-negative taxa is one in which some of the species are separated in taxonomic hyperspace by very short distances so that the situation approximates more closely to a spectrum of forms than to clearly defined species. In a situation such as this the selection of test strains becomes very important as representatives taken towards the periphery of a species are Staphylococcal fatty acids 203 1 more likely to result in cluster overlap than those nearer to the cluster centre. In the present instance this situation seems unlikely as cluster 3 contained three organisms, the type strains of S . cohnii, S . epidermidis and S . haernolyticus, which have been sharply distinguished in DNA pairing studies (Schleifer et al., 1979; Goodfellow et al., 1980) . The lack of congruence between the numerical phenetic and fatty acid data highlights an important problem in bacterial systematics that is likely to occur more frequently as a multiplicity of analytical and statistical procedures are applied in bacterial classification and identification. Thus, given two incompatible or partially compatible classifications, what criteria can be used to decide which, if any, of the taxonomic structures is most appropriate? The application of powerful taxonomic techniques such as nucleic acid pairing may complicate matters further by yielding additional incongruities. In such instances the search for alternative taxonomic markers is unlikely to resolve the situation fully. It seems more likely that detailed work on strain selection, on the taxonomic significance of particular tests or characters, and the development of suitable statistical procedures capable of interlocking classifications from different sources will provide a sound base for future studies (Sneath, 1985) .
